AD-A124 083 AN EVALUATION OF DATA PROCESSING GROWTH WITHIN THE AIR
STAFF(U) AIR FORCE INST OF TECH WRIGHT-PATTERSON AFB OH
SCHOOL OF SYSTEMS AND LOGISTICS L G RADOV ET AL.
UNCLASSIFIED SEP 82 AFIT-LSSR-9-82




I_ I2 8 ' 25
flio £ &
"m T

= i
Ni2s flie pee

MICROCOPY RESOLUTION TEST CHA
NATIONAC BUNEAL 3

R1

SUANPARD e




DA 124083

- . DEPARTMENT OF THE AIR FORCE
& AR UNIVERSITY (ATC)

FOREE INSTITUTE OF TECHNOLOGY

WG FILE COPY

- Wright-Potterson Air Force Base, Ohio

83 02 03 045

oy
b e s g‘ . . e ilj




AN EVALUATION OF DATA PROCESSING
GROWTH WITHIN THE AIR STAFF

Larry G. Radov, Captain, USAF
Stanley A. Sneegas, Captain, USAF

LSSR 9-82

ITIC
_'.__.-;_.Zn-.LECTF.w
gﬁki‘ “Er 3 1983

)

2 W W'

This document has been approved
for public release and sale; its
distribution is unlimited.

b d




The contents of the document are technically accurate, and
nc sensitive items, detrimental ideas, or deleterious
information are contained therein. Purthermore, the views
expressed in the document are those of the author(s) and do
not necessarily reflact the views of the School of Systems
and Logistics, the Air University, the Air Training Command,
the United States Air Force, or the Department of Defense.




AFIT Control Number LSSR 9-82

AFIT RESEARCH ASSESSMENT

The purpose of this questionnaire is to determine the potential for current
and future applications of AFIT thesis research. Please return completed
questionnaires to: AFIT/LSH, Wright-Patterson AFB, Ohio 45433.

1. Did this research contribute to a current Air Force project?

a. Yes b. No
2. Do you believe this research topic is significant enough that it would
have been researched (or contracted) by your organization or another agency
if AFIT had not researched it?

a. Yes b. No
3. The benefits of AFIT research can often be expressed by the equivalent
value that your agency received by virtue of AFIT performing the research.
Can you estimate what this research would have cost if it had been
accomplished under contract or if it had been done in-house in terms of

manpower and/or dollars?

a. Man-years $ (Contract).

b. Man-years $ (In-house).

4. Often it is not possible to attach equivalent dollar values to research,
although the results of the research may, in fact, be important. Whether
or not you were able to establish an equivalent value for this research

(3 above), what is your estimate of its significance?

a. Highly b. Significant c¢. Slightly d. Of No
Significant Significant Significance

]
5. Comments:

Name and Grade Position

Organization Location




POLD DOWN ON OUTSIDE - SEAL WITH TAPE

AFIT/ LSH

WRIGHT-PATTERION AFB ON 43433 "3&'831‘.3'
OFMICIAL SUSINESS "»T?:"f"

PEMALTY FOR PRIVATE USE. $300 UNITED STATES

BUSINESS REPLY MAIL

FIRST CLASS PERMIT NO. 73238 WASINNGTON 0.C.

POSTAGE WILL BR PAID BY ADDRESSEE

AFIT/DAA
Wright-Patterson AFB OH 45433
,
FOLD IN
b - S —_—— - . .~ o _ | T = Y Ny ’
A .
et el ettt .




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)

REPORT DOCUMENTATION PAGE u,'c',f{;"c%‘:;fg%g",’o“
[T. REPORT NUMBER 2. GOVT ACGESSIO 3. RECIPIENT'S CATALOG NUMBER
LSSR 9-82 i/ﬁ
4. TITLE (and Subritle) 5. TYPE OF REPOAT & PERIOD COVERED
AN EVALUATION OF DATA PROCESSING Master's thesis

GROWTH WITHIN THE AIR STAFF

6. PERFORMING ORG. REPURT NUMBER

(7. AUTHOR(®) 8. CONTRACT OR GRANT NUMBENR(s)

Larry G. Radov, Captain, USAF
Stanley A. Sneegas, Captain, USAF

e e ———————————— — - T e v ——
9. PERFORMING ORGANIZATION NAME AND ADORESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBERS

School of Systems and Logistics
Air Force Institute of Technology, WPAFB OH

1. CONTROLLING OFFICE NAME AND ADORESS 12. REPORT DATE
Department of Communication and Humanities September 1982
AFIT/LSH, WPAFB OH 45433 3. NUMBER OF PAGES

FTE MONITORING AGENCY NAME & ADORESS(I{ different from Controliing Office) \$. SECURITY CLASS. (of this report)

,| UNCLASSIFIED
er

ﬁmu thies Report)
Approved for public release; distribug}on unlimited

17. DISTRIBUTION STATEMENT (of the sbetract entered in Block 20, i{ dif{ferent frem Report)

v —
6. SUBPLEMENTARY\NGTES APPROVED FOR PU2LT WI.0°30: AW ARR 190-17
LJ . \‘f—, %“\ AIR FORCE INSTITUTE OF TECHNOLOGY (ATC)
o R and WRIGHT-PATTERSON AF3, OH 45433

icnal Develo, 26 0CT 1982

19. KEY WORDS (Continue on reverse aide if necessary and identily by block number)

Automated Data Processing Air Staff
Data Processing Growth Models

Air Staff Information Management Systems (ASIMS)
Information Management

I
20. ABSTRACT (Continue on reverse side if necessary and identify dy block number)

Thesis Chairman: Ronald H. Rasch, Major, USAF

DD . on4s 1473 eoimion oF 1 NOV 68 13 OBsOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Dare Entered) -t
- t [ L

- - o~ - e dn e W b et s ™ iy s = e s evie ST meTTTem RO — -
€
B P S . WO




ﬁ —— a - - - S

UNCLASSIFIED

et —
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

.’ The Air Staff is establishing an Air Staff Information Management
System (ASIMS) to satisfy the expanding information requirements
of the Air Staff and aid in problem-solving and decision-making.

In order to properly implement ASIMS, an evaluation of the d
current data/information processing state at the Air Staff is
necessary. Richard Nolan's theory on the data processing evolu-
tion within an organization contends that there are six distinct
stages of data processing growth an organization evolves through
and provides criteria for stage determination. This study finds
that Nolan's theory can be modified for a military (nonprofit)
organization. Using the data collected from Air Force budget
documents and interviews, the Air Staff is moving into Nolan's
Integration stage of data processing growth. The Air Staff is
beginning to 1limit data duplication, and there is a shift in
emphasis from managing the computer to managing the data/
information resources. The results indicated the optimum
organizational emphasis for the Air Staff to continue its data
processing evolution is to encourage innovation and limit
control of the data processing resources, By following the
recommended organizational emphasis, the Air Staff can prepare
itself to effectively use a system with the envisioned capa-
bilities of ASIMS. ”

A

N

UNCLASSIFIED

SECURITY CLASSIFICATION OF Tu'® PAGE(When Deta Entered) ’ 3

e—— .




= oo i

LSSR 9-82

AN EVALUATION OF DATA PROCESSING
GROWTH WITHIN THE AIR STAFF

A Thesis
Presented to the Faculty of the School of Systems and Logistics
of the Air Force Institute of Technology
Air University
In Partial Fulfillment of the Requirements for the

Degree of Master of Science in Systems Management

By
Larry G. Radov, BS Stanley A. Sneegas, BS
Captain, USAF Captain, USAF
j— Aocesstan For _;f
September 1982 fNTIT gRAMT ;1/(
Ly TAB o
b mounced =
Approved for public release; | W -:tiftestion ...
distribution unlimited | e e e
. e e

! Listriduston/ ]
{ Availadility oves
b Advatl ana/or l

‘;Di% Speeial

v il
eV 4 . A
LTRSS N

.
. sckasaioiiibianaatisttionnn . ;. .




This thesis, written by

Captain Larry G. Radov

Captain Stanley A. Sneegas
has been accepted by the undersigned on behalf of the faculty

of the School of Systems and Logistics in partial fulfillment
of the requirements for the degree of

DATE: 29 September 1982

4
e e R lra

and

MASTER OF SCIENCE IN SYSTEMS MANAGEMENT

Soul W Sl A

COMMITTEE CHA N

ii




ACKNOWLEDGMENTS

We sincerely appreciate the many people who contri-
buted to this research effort. Our advisor and chief mentor,
Major Ronald H. Rasch, gave us invaluable guidance and
direction. Lieutenant Colonel Arlyn D. Schumaker's coopera-
tion and assistance enabled us to acquire the necessary data
for this research. The Air Force personnel contacted at the
Pentagon were most helpful and professional. We also
acknowledge the special efforts of Suzanne Weber in typing
this manuscript. Captain Sneegas gives a special acknowledg-
ment to his wife, Barbara, for her love, understanding, and

support,




TABLE OF CONTENTS

ACKNOWLEDGMENTS.
LIST OF TABLES . . . . . . . . . . . .
LIST OF FIGURES.
CHAPTER
1. INTRODUCTION .

Government and Air Force Initiatives in
Information Management.

Statement of the Problem .
Objectives of the Research .
Scope. . . . . . 0 .0 w 0 e
2. DATA PROCESSING GROWTH MODELS.
The Four-Stage Growth Theory .
The Six-Stage Growth Theory.
3. METHODOLOGY. . . . . . . . . . . . .
Criteria . . . . . . . . « . « .,
First Level of Analysis.

Second Level of Analysis . . . .

Stage Determination Process.
Organizational Emphasis.

4. DATA COLLECTION. . . . . . « « « « « «
Data for First Level of Analysis
Data for Second Level of Analysis.
Data Limitations . . . . . . . . .

iv




CHAPTER Page
5. DATA ANALYSIS. . . . . . . . « .« .« o « .« . . 39
First Level of Analysis. ., . . . . . . . . 39
Second Level of Analysis . . . . . . . . . 42
Organizational Emphasis. . . . . . . . . . 43

6. CONCLUSIONS, OBSERVATIONS AND
RECOMMENDATIONS . . . . . . . . . . « .« . . 46
Conclusions. . . . . . . . . « « « « « .« . 46
Observations . . . . . . . . .« « « « . . . 47
Recommendations. . . . . . . . . . . . . . 48
APPENDIX A: ASIMS INTERVIEW GUIDE/QUESTIONNAIRE . . 51
APPENDIX B: AIR STAFF DATA PROCESSING BUDGET. . . . 55
APPENDIX C: TOTAL AIR STAFF BUDGET. . . . . . . . . 63
APPENDIX D: INTERVIEW/QUESTIONNAIRE RESULTS . . . . 71
APPENDIX E: AIR STAFF ORGANIZATION CHART. . . . . . 73
SELECTED BIBLIOGRAPHY. . . . . . . . . « « « « « « . 75




Table

11
ITI
IV
VI

VII
VIII

IX

LIST OF TABLES

Withington's ¥ .ve Generations

Optimum Balance of Organizational
Innovation and Control

Department of the Air Force Organizational
Units. . e

Example Evaluation.

Air Staff Data Processing Budget.

Total Air Staff Budget. . . . . . . .

Air Staff Interview/Questionnaire Responses

Air Staff Expenditure Ratios.

Second Level of Analysis Evaluation Summary .

Unit Optimal Organizational Emphasis.

27
31
34

37
40

42




Figure

LIST OF FIGURES 3
Page
Data Processing Learning Curve. . . . . . . . 13
Three Areas of Growth . . . . . . . . . . . . 14
Growth Curve Postulated by Nolan. . . . . . . 16
Six Stages of Data Processing Growth. . . . . 19 L
Criteria for First Level of Analysis. . . . . 26
Criteria for Second Level of Analysis . . . . 28
Air Staff Level of Technology . . . . . . . . 35
Changes in Expenditure Ratios . . . . . . . . 40
Second Level Analysis: Unit Overall Growth
Stage. . v v v i v e e e e e e e e e e e 43

vii




.

CHAPTER 1
INTRODUCTION

The management of computer data/information proces-
sing resources is undergoing a revolution in the 1980s. The
emphasis on computer hardware and software is shifting toward
a focus on information management; stressing the quality and
the value of computer output rather than the quantity (25:3).
The Federal Government and the Department of the Air Force,
realizing the burden of excess paperwork, records management,
and information sharing have initiated steps to improve the
reliability and consistency of information used in decision-
making and achieving goals. One product of the initiatives
is the conceptualization of an Air Staff Information Manage-
ment System (ASIMS) within the Department of the Air Force
to serve the Air Staff and the Office of the Secretary of the
Air Force (0OSAF). The growth and development of ASIMS can
benefit from the evolution of similar information management
systems in other organizations.

The successful implementation of previous information
management systems in corporations and non-profit organiza-
tions reflects a similar growth pattern in each organization
(15:116) . Experience has indicated that the organization and
its members must develop and grow together to provide the
most successful information management system. Until
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organizational members understand the capabilities of the
computer systems, management is concerned with managing the
computer and its many potential uses. Once the successful
management of the computer resources is accomplished, empha-
sis turns to the management of data/information resources.
This transition is unique to every organization, but tends
to follow an established cycle if the growth of the informa-
tion management system is successful and ongoing (15:116).
Throughout this research effort the terms data and
information may be used together or separately. There are a

variety of definitions that attempt to describe the relation-

ship between data and information.

Data can be thought of as comprising any set of

characters that is accepted as input to an informa-

tion system and is stored and processed. Informa-

tion refers to output of data processing that is

organized and meaningful to the person who receives

it [5:11].
Others refer to data as "". . . unrestricted, unevaluated facts
having little or no meaning. It is only when data are applied
to a specific problem (evaluated) that they become information
[19:143]." Thus information is data evaluated for a particular
problem, for a specific individual, at a certain time. There-
fore, what may constitute information for one individual at a
specific instance may not do so for another or even the same
person at a different time (19:143). Often data and informa-

tion are closely related; for this research the terms are

used interchangeably.




Government and Air Force Initiatives 4
in_Information Management

The need for reliable, timely, and consistent informa-
tion at all levels of government operations is essential in
achieving federal goals (28:1). The information gathering
process used by many federal agencies is inadequate for the

demands placed on them. Estimates indicate that the public

spends one billion hours each year completing forms generated
by such agencies as the Internal Revenue Service and the
Social Security Administration. Often different agencies
need identical information from the public, but are unaware
that another department already has the information on file.
This mismanagement of data/information resources accounts
for part of the $5 billion annual government computer work
budget. Less than optimal use of information within the
Department of Defense (DoD) is also gaining attention. At
over $2 billion in 1980, the DoD computer use budget exceeds
that of the largest American firms (11:54-56).

Concern with computer costs and growing demands on the
public in the form of information reporting burdens and
record keeping requirements resulted in the creation of the
Commission on Federal Paperwork on 27 December 1974 (28:69),
and later the Federal Data Processing Reorganization Project
(FDPRP) by the Carter Administration (11:54). These two
government initiatives revealed a great deal about the
federal government's data gathering and information processing

systems. These programs provided the impetus for the
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continued attention given to the government's methods of
managing information over the past six years. One outcome of
the two programs is the conceptualization of an Air Staff
Information Management System,which will incorporate many of
the recommendations and new concepts of the Paperwork Commis-
sion and the FDPRP. The overall objective of ASIMS is to
provide timely, accurate, and consistent information for Air
Staff and Office of the Secretary of the Air Force problem
solving and decision making (7:p. 1.1).

The FDPRP and the Commission on Federal Paperwork found
many significant deficiencies in government information usage
that ASIMS hopes to remedy at the Headquarters Air Force
level. The FDPRP report disclosed that while the government
developed the first successful, large-scale data processing
installation in the early 50s, and pioneered the use of pro-
gram languages in the 60s, the 70s saw the government equip-
ment inventory generally become highly obsolescent, lagging
behind comparable installations in private industry. The gap
has grown so that the average age of all computer systems in
the federal government is over seven years, while dramatic
improvements in computer technology are occurring each year.
The Federal Data Processing Reorganization Project also
found that the federal government is mismanaging its informa-
tion technology resources and has not developed a plan for
examining future opportunities in information use. In addi-
tion, the FDPRP report claims that the military is opera-
tionally vulnerable as a result of obsolete equipment and

4
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underdeveloped personnel (11:54-56).
The Federal Paperwork Commission also exposed similar '
tendencies to mismanage information in other government
agencies. The Commission found that needed information is
often not being collected, is not timely, or is not reliable;
which limits the success of federal programs. The Commission's

report, issued in September 1977, advocated the managing of

information as a resource, so that data will be planned,
budgeted, controlled, and evaluated adequately (29:40).

The Commission on Federal Paperwork is first credited
with introducing the term Information Resources Management
(IRM) as follows:

The principles behind IRM encompass the idea that

all media and technologies can be combined in a way
that will optimize the productivity of the individuals
in the organization, thereby optimizing the total
information handling activities [13:24].

The studies done by the FDPRP and the Paperwork
Commission laid the groundwork for the passage of Public Law
96-511, the Paperwork Reduction Act of 1980, signed by the
President on 11 December 1980. The law first establishes an
Office of Information and Regulatory Affairs under the Office
of Management and Budget (OMB) with responsibility for all
information management activities including information col-
lection, statistical activities, records management, privacy
of records, interagency sharing of information, automatic data
processing, and telecommunications (11:56; 43:32). The law
also creates the Federal Information Locator System (FILS)

as a directory of government information resources, which can

5




be consulted by agencies before gathering information to in-
sure the data has not already been collected (30:23-26).
Each federal agency is required to designate a senior officer,
who reports directly to the agency head, to carry out the
responsibilities of information resources management,
including planning, budgeting, organizing,

training, promoting, controlling, and other mana-

gerial activities involving the collection, use,

and dissemination of information [43:32].

In carrying out the directives of the Paperwork Reduc-
tion Act, the Office of Information and Regulatory Affairs
has tasked the Department of Defense and the Department of
the Air Force to comply with the guidelines established by
Public Law 96-511. Headquarters Air Force, through an Ad Hoc
Planning Group and an Information Management Agency, has
begun planning the future Air Force strategy for overall
information management. The Air Force feels that the follow-
ing goals, if pursued as long-range objectives, will improve

the management of and use of information:

1. Treat data/information as a key organizational
resource,

2. Identify the cost and burden of information
requirements,

3. Improve the ability to answer questions and
provide information for decision making,

4. Reduce the manhours and dollars required to
process, manage, and use information,

5. Improve productivity, and

6. Get personnel thinking more about management
of information (1:9-10).

The guidance originating with the President through

6




OMB and the Department of the Air Force has, in part, been
responsible for the conceptualization of ASIMS. In addition,
the expanded information requirements of the Air Staff have
also generated an internal desire for better information
management. The most significant Air Staff problems are sub-
stantial delays in responding to Congressional inquiries,
conflicting answers often given to Congress, information
saturation, and management frustration (20:4). The problem
is so significant that various headquarters offices have
begun initiatives to develop Deputy Chief of Staff or Direc-
torate level Information Management Systems (7:1).

The combination of outside emphasis and the internal
initiatives to improve the Air Staff management of informa-
tion

have generated both the opportunity and obliga-

tion to provide sorely needed management information

support while achieving real efficiencies and econo-

mies in information processing [7:1].
ASIMS is the Air Staff's plan for integrating all efforts to
manage information as a key organizational resource. A
Project Management Office (PMO) has been established on the
Assistant Vice Chief's immediate staff for developing and
executing the plan for implementation of ASIMS to serve both
the Office of the Secretary of the Air Force (OSAF) and the
Air Staff (7:1).

Statement of the Problem

The Air Staff Information Management System is needed
for the Air Force to compete with other services to enhance

7
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mission accomplishment. ASIMS will ameliorate several prob-
lems for the OSAF and the Air Staff when fully and properly
implemented. The major problems include increasing response
time to complete action items, providing conflicting informa-
tion to Congress, and acquiring too much information. By
implementing ASIMS the Air Staff hopes to achieve higher
staff productivity, enhanced quality of work, improve timeli-
ness, and a reduction in labor intensity. The additional
benefits of ASIMS include cost avoidance through savings from
more efficient management and increased efficiency in admini-
strative support (20:4, 29).

The ASIMS Project Management Office has established

the goals of a mature program as:

1. Assure timely, accurate, and consistent informa-
tion is available for Air Staff and OSAF problem
solving and decision making.

2. Incorporate the flexibility required to have the
information system anticipate and survive organi-
zational and management changes.

3. Be responsive tc¢ changing information needs in
terms of data content, currency, format, media,
and distribution.

4. Minimize unnecessary duplication.

S. Incorporate greater sharing of information
through the employment of data standards, a data
dictionary, data base management techniques, and

telecommunications.

6. Facilitate interoperability among information
systems.

7. Enhance the efficiency and economy of processing
information.

8. Enhance the productivity of personnel who handle
information.




9. Treat information as a key organizational
resource (7:p. 1l.1).

For an organization to meet and maintain the desired
goals of ASIMS it must have an organizational design that
will allow for effectiveness and efficiency. Although there
is no best way to organize, different organizational designs
provide for different levels of innovation and control (8:2;
2:557). In addition, as Richard L. Nolan has stressed in his
model portraying the growth of the data/information processing
organization, the properly timed management emphasis is essen-
tial to the successful evolution of the information management
organization (15:116). The goals of ASIMS and the need for
management direction and emphasis reveal one problem in the
development of ASIMS. At this time there is not an existing
organizational design to foster innovation and provide con-

trol for the proposed Air Staff Information Management System.

Objectives of the Research

This research effort concentrated on three primary
objectives. Initially, using Richard Nolan's model on the
evolutionary stages of data/information management growth,
criteria were specified to evaluate a nonprofit milita.~
organization. Next, the applicable criteria were used to
measure the cverall Air Staff and its major divisions with
respect to Nolan's six stages of data/information processing
growth. The final objective was to analyze the results of
the evaluations of the Air Staff as a whole and its major
divisions to provide a basis for the specific organizational

9




design to be implemented in preparation for the adoption of
ASIMS. Guidelines for the appropriate innovation and control
characteristics are recommended for each subsequent stage of

growth.

Scope
The establishment of ASIMS is unique to the Air Staff,

and the specific results of this research may not be appli-

cable to other organizations. The data gathered are from the

major organizational units within the Air Staff and the OSAF.
Although this research centers on gathering data to
determine the appropriate organizational design of ASIMS,
several areas of this project may be relevant to other studies.
Specifically, a better understanding of the stages of growth
in a data/information processing organization as it relates
to Nolan's stage theory can be gained from the research. 1In
addition, the application of criteria to the six stages of
growth for a military organization may be helpful in conduct-

ing future research in a similar environment.

10




CHAPTER 2

DATA PROCESSING GROWTH MODELS

Many organizations have experienced a rapid growth in

data processing budgets, but have not reccgnized a similar

growth in the productivity of these systems. The annual

data/information processing budgets are exceeding growth rates

of 30 percent. This increase per year is more than the total
size of the budgets four to five years ago (15:116).

The most recent literature concerning the data proces-
sing function in organizations contends that data processing
evolves through distinct stages of learning and growth. The
growth pattern (reflected in data processing costs) follows
that of an S-shaped curve. This curve has been used by Arnold
Toynbee to explain the histories of societies, and by others
to explain the success pattern or organizations, product
development, market development, as well as life cycles of
technologies (12:457; 24:46).

The following review discusses the stage theories that
have evolved with respect to the growth of the data processing
function. Cyrus F. Gibson and Richard L. Nolan first identi-
fied four stages of data processing growth. Others including
Paul A. Strassman and Frederic G. Withington were to comment on
and critique the four-stage theory, which influenced Nolan in
expanding his four-stage concept to a six-stage growth pattern

11




that more accurately reflects present data processing growth

in organizations.

The Four-Stage Growth Theory

In 1973 Richard Nolan, a former associate professor of
business administration at the Harvard Business School, dis-
covered that the data processing budgets for a number of
companies, when plotted over time, forms an S-shaped curve
that he referred to as the Data Processing Learning Curve
(9:77). The changes in slope of this curve correspond to the
significant events in the life of the data processing function
that identify shifts in the way the computer resource is
managed and used. There are three points where the S-shaped
curve turns that depicts the natural break between the four
stages that Nolan and Gibson first identified. The four
stages depicted in Figure 1 -- Initiation, Expansion, Formali-
zation, and Maturity -- are defined by the inflection points
on the data processing learning curve (9:78).

As the data processing department matures, the organi-
zation evolves from one stage to the next. 1In Nolan's four-
stage hypothesis, the growth takes place in three primary
areas: 1) the portfolio of computer applications for each
stage; 2) the personnel specialization required of the workers;
and 3) the management techniques customarily applied in each
of the four stages. Figure 2 describes the three areas of
growth and further details the evolution as an organization

moves from stage 1 to stage 4. For example, in stage 1 with

12
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Maturity

Formalization

Data

Processing e
Budget

Dollars Expansion Stage III

Time
Fig 1. Data Processing Learning Curve
(24:47)
computer applications, the introduction of data processing
equipment to reduce costs where manual accounting operations
take place, will result in lower expenses for maintaining
payroll, cash flow, and billing accounts.

In their article, Gibson and Nolan warned that there
may be more S curves as new technologies emerge, and as organi-
zations become more aggressive in using data proczssing tech-
niques and more sophisticated in systems analysic (9:77).

Two other information system specialists made contributions
on the evolution of data processing that were to influence
Nolan in his later articles. Paul Strassman, of Xerox Corpora-

tion, first pointed out that inflation can influence the

S-shaped curves that represent the data processing costs of

an organization over time. Inflation guarantees that labor

13
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STAGE I STAGE II STAGE III STAGE IV
Cost Proliferation In Emphasis On Data Base
Reduction~Accounting ~ All Functions Control Applications
Payroll Cash Project Simulations
Receivables Ledger Control Planning
Payables Budgets Cost Analysis On-Line
Billing Inventory Chargeouts Inquiry
Personnel Scheduling On-Line Order
Orders Entry
Sales
Production
a) Growth of Applications
STAGE I STAGE 1II STAGE III STAGE IV
General Applications Control Data Base
Specialization Specialization Specialization Specialization
Operator Systems Development Data Base
Programmer Programmer Programmer
Programmer Scientific Maintenance Teleprocessing
Programmer Programmer Programmer
Operations
Systems
Analyst Business Functional Programmer
Data Base
Programmer Analyst
Manager
b) Growth of Personnel Specialization
STAGE I STAGE II STAGE III STAGE IV
Lax Promotional Control Resources
Management Management Management Management
In Accounting In Finance Independent Independent
Systems Analysis Function Unit Systems
Decentralized Steering & Programming
Committee Decentralized
Control Lacking Lax Control Standards Chargeouts
Few Standards Price Control Services Pric-
Informal Project Chargeouts; ing
Control Audits; Design Control
Operate
Controls
Loose Budgets Loose Budgets Strong Long~-Range
Budgets Planning

¢) Management Techniques Applied to Each Stage

Fig 2.

Three Areas of Growth (24:47)
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costs, which may represent 50 to 70 percent of the budget,
will increase with time. Strassman contends cost/benefit
ratios,or a similar method of determining project profitabil-
ity, provides the best indicator of the desirability of new
data processing projects (24:48).

Another data processing consultant was to influence
Nolan by explaining the evolution of data/information proces-
sing as an ongoing process. Frederic Withington proposed five
generations of computers that reflect the evolutionary process
of computers as being essentially technology-driven. Withing-
ton states that the current technology will drive the new
applications to be accepted and the type of organizational
structure adopted for managing the data processing system
(42:100). Table I depicts Withington's five generations of
computers and how the hardware, computer functions, and

organization will evolve over time.

The Six-Stage Growth Theory

Nolan continued to study organizations, applying his
four-stage theory to various corporations. As a result of his
research and inputs from Strassman and Withington, Nolan ex-
panded his data processing growth theory to six stages.
Fundamental in the expansion was the development of data base
technology. The data base technology costs represent another
S-shaped curve to combine with the overall data processing
learning curve (12:457; 24:49), The assimilation of the data

base technology is depicted in Figure 3, which reflects the
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T it 1

TABLE I
Withington's Five Generations
(24:47)
Hardware Functions Organization
Stage 1 Vacuum Experimental Controller's
1953-1958 tubes Batch Department
Stage II Transistors Full Range Proliferation
1958-1966
Stage III Large-scale Networking Consolidation,
1966-1974  Integrated Remote Job with terminals
Circuits Entry
Stage IV Large Files Integrated Satellite
1974-1982 Satellite Files Processing
. Computers Transaction
Processing
Stage V Distributed Private Interconnected
1982-7? Systems Information networks to
Exotic Simulation all parts of
Memories organization
EDPcost §
St Sta Stag Stage Stage Stage
1 a9 1 % W ‘ v v y—-——
l Assimiiation of
Qala base technology
{
Fig 3. Growth Curves Postulated by Nolan

P R TN

(24:458)
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addition of two stages to the growth theory.

As a basis for the six-stage growth theory, Nolan
isolated four growth processes that determine the current
stage of evolution for an organization. An _explanation of
the four growth processes that Nolan monitors follows:

1. The portfolio of computer applications. The
programs and procedures which are used by the organi-
zation in its business activities. The applications
portfolio represents the cumulative end product of
the data processing organization.

2. The data processing organization and technical
capabilities. The organization structures and
technical capabilities found within the data proces-
sing department which are required to develop and
operate application systems. These include data
processing management structure, hardware and soft-
ware resources, systems development and operations
organizations.

3. Data processing planning and management control
systems. The set of organization practices used to
direct, coordinate and control those involved in the
development and operation of application systems,
including data processing planning, project manage-
ment, top management steering committees, chargeout
and performance measurement.

4. The user. The members of line and staff depart-
ments who must use the applications systems to
perform their jobs [14:9].

According to Nolan, the four growth processes help to
provide unique characteristics for each of the six stages of
data processing growth. The stages and a brief explanation
of their characteristics follow:

1. Initiation - computer technology is introduced

and applied to high-volume, high-payoff areas such
as accounting.

2. Contagion - computer applications proliferate in
functional areas throughout the organization so
employees may realize what the computer can do.

17




3. Control - new computer applications are restricted,
and the emphasis shifts to documenting and improving
existing applications and the development of formalized
systems for pianning and controlling the computer
resource.

4. Integration - limit data duplication by storing it
in one place. Data base technology is introduced and
existing applications are modified to utilize this new
technology. There is a shift in emphasis from managing
the computer to managing the company's data resources.
5. Data Administration - data base technology is used
to integrate existing applications on an increasingly
wider scale, and the functional manager must implement
control.

6. Maturity - the applications portfolio is complete,
and it matches the organization and information flows
in the company. Maturity takes place (5:298-299; 18).

By combining the explanations of the six stages and
the four areas where data processing growth takes place into
a single figure, an example of an organization's evolution is
depicted. Figure 4 represents a typical organization's transi-
tion through the six stages of growth. The dotted line repre-
sents the organization's level of expenditures (S-shaped
curve) from the introduction of the computer into the
organization to the mature management of information resources.
Until mid-stage 3, management is concerned with managing the
computer. 'At some point in stage 3, there is a transition
to management of data resources [15:116]." This transition
not only involves restructuring the information processing
organization, but also includes installing new management
techniques.

The techniques used by management play an important

role in the organizational learning and growth that takes
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place. Management must provide an environment in which the
appropriate learning can take place for the organization to
progress from stage to stage. Nolan refers to two environ-
ments which will guide an organization in its growth. One
environment is called "control," and the other is called
organizational "slack," (6:53-55) which will be referred to
as organizational "innovation."

In the control environment, all financial and
performance management systems - including planning,
budgeting, project management, personnel performance
reviews, and chargeout or cost accounting systems -
are used to ensure that . . . [15:116]

data/information processing activities are effective and effi-
cient. In the innovation environment, though, sophisticated
controls are absent and there are incentives to use informa-
tion processing techniques in an experimental manner. As an
example, systems analysts might be assigned to users without
any charge to the users' budgets. By creating the innovation
type environment, costs will be higher, but the birth of new
ideas will take place that are necessary for growth of the
organization (15:117).

The trade-off between control and innovation is criti-
cal in developing an appropriate management emphasis for each
stage of organizational learning. For instance, an imbalance
of high control and low innovation in the earlier stages can
impede the use of information technology in the organization.
On the other hand, an imbalance of low control and high inno-
vation in later stages can lead to explosive information

processing budget increases and inefficient systems (15:117).
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TABLE 1I

Optimum Balance of Organizational Innovation
and Control

(15:118)
Organizational Organizational Objectives
Innovation Control of Control
Computer Data Computer Data Systems
Stage 1 Low Low
Stage 2 High Low Facilitate
Growth
Stage 3 Low Low High Low Contain
Supply
Stage 4 High Low Match Supply
and Demand
Stage 5 Low High Contain
Demand
Stage 6 High High Balance
Supply and
Demand

Table II demonstrates the appropriate balance of con-
trol and innovation to use through Nolan's six stages of
growth. Notice that the emphasis of management shifts from
management of the computer to management of data resources.
This shift is associated with the introduction of data base
technology and explains the absence of entries in the computer
columns after stage 3.

Models such as the one developed by Richard Nolan may
be of use to the Air Staff for determining the appropriate
management emphasis requisite in the organizational design of
ASIMS. The objectives of the control systems are to influence
the supply and demand of data processing applications. For

21




example, the objective of stage 3 growth is to contain or

restrict the supply of automated applications.
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CHAPTER 3

METHODOLOGY

The methodology used to meet the research objectives
is discussed in this chapter. Nolan's six criteria for speci-
fying the stage of data processing growth for a nonprofit
organization are described and then applied to the Air Staff.

Next, the method for determining the current Air Staff growth

stage is presented. Finally, the options for organizational

emphasis are discussed.

Criteria

Nolan proposes a six-stage growth process for data
processing management. Six criteria, or benchmarks, differ-
entiate the various stages of growth. The six criteria are
expenditure ratios, level of technology, tvpes of computer
applications or the applications portfolio, data processing
organization, planning and control, and amount of user aware-
ness. The six criteria are divided into two levels of analysis.
The first two criteria comprise the first level of analysis
and evaluate the stage of growth for the organization as a
whole. The second level of analysis, consisting of the last
four criteria, evaluates the growth stage for each division
within the organization (15:121).

First Level of Analysis. The initial criteria for this

23




level of analysis is the expenditure ratio for data processing.
Nolan recommends calculating the ratio of data processing costs
to total sa‘es. As mentioned in Chapter 2, Strassman first
suggested some type of cost/benefit ratio be used to measure
actual data processing growth. The use of a ratio reduces

the effects of inflation that are found when a single figure
such as the data processing budget is used to determine real
growth (24:48).

When Nolan developed his growth stage theories in the
1970s, he studied 50 profit-making organizations. His cost/
benefit ratio compared data processing costs to total sales.

In contrast, this research effort concerns the Headquarters

of the United States Air Force, a nonprofit organization.
Consequently, sales cannot be used as an appropriate denomina-
tor for the expenditure ratio criteria. Following from
Strassman's conclusions, a benefit or output must be determined
for the nonprofit organization to calculate an expenditure
ratio for Nolan's first level of analysis. Anthony and

Herzlinger, in their book Management Control In Nonprofit

Organizations, state that it is difficult to measure the out-
put of a nonprofit organization, and even in profit organi:za-
tions revenue is rarely a complete expression of outputs (3:6).
The two authors go on to say, ". . . outputs should equal
inputs [3:39]" in nonprofit organizations and that inputs can
be an acceptable measure of outputs (3:249). In addition,
economists contend that the benefit of national defense

should be valued at cost, hence th. budget (26:44). Therefore,

24
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this analysis uses the ratio of the Air Staff data processing

budget to the total Air Staff budget to determine Nolan's
expenditure ratio for the first level of analysis. If the
expenditure ratio is constant over time, then the Air Staff

is in stage 1, Initiation, or stage 6, Maturity. If the ratio
is increasing over time, then the Air Staff is in stage 2,
Contagion, or stage 4, Integration. 1If the ratio is decreas-
ing over time, then the Air Staff is in stage 3, Control, or
stage 5, Data Administration. Consequently, the first cri-
teria will narrow the Air Staff's stage of growth down from
any of the six to two stages (15:121).

The second criteria, level of technology, is the final
element in the first level of analysis. Technology examines
the type and percentage of different processing techniques
within the Air Staff. The level of technology within the Air
Staff will approximate one of the six criteria in Figure S.
The combination of the first and second criteria complete the
first level of analysis. Both criteria offer an indication
of the overall range of the various Air Staff organizational
units in terms of data/information growth.

Second Level of Analysis. The second level of analysis

defines the growth stages for each of the Air Staff organi:za-
tional units analyzed in this research (see Table III). All
of the second level criteria were not applicable to each unit.
For example, each section did not have a data processing
organization, in which case that particular criteria was not
evaluated for the unit. After applying each criteria in the
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TABLE III
Department of the Air Force Organizational Units
(41:1)
Acronym Full Name ;
OSAF Office of the Secretary of the Air Force
AC Comptroller of the Air Force
NGB Chief of the National Guard Bureau
DA Director of Administration
HC Chief of Chaplains
IG Inspector General
IN Assistant Chief of Staff, Intelligence
JA Judge Advocate General
LE DCS/Logistics and Engineering
MP DCS/Manpower and Personnel
NB USAF Scientific Advisory Board
PR DCS/Programs and Resources
RD DCS/Research, Development and Acquisition
RE Chief of the Air Force Reserve
SA Assistant Chief of Staff, Studies and Analysis
X0 DCS/Plans and Operations
1947th 1947th Air Staff Administrative Support Group
DSC Air Force Data Services Center

second level of analysis to the various units within the Air
Staff, a range of growth in the Air Staff was determined.
The criteria for the second level of analysis is depicted in
Figure 6.

The growth stage for the applications portfolio cri-
teria reflects the types of applications used in each unit
(25:101). In general, the organizational unit is in stage 1
to 2 if ". . . there is a concentration on labor-intensive
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automation, scientific support, and clerical replacement [15:

121)." 1If the applications are located with the user for

data generation and use, then the unit is in stage 3 or 4.

If a balance is achieved with decentralized user applications 1
and centralized data bases and common systems, then the unit

is in stage 5 or 6 (15:121).

The data processing organization criteria differenti-
ates the units into groups that include two stages of growth.
If the processing function is a centralized "closed shop,"”
the unit 1is in stage 1 or 2. If the processing function is
merely a data custodian and the outputs are useful and reli-

able, then the unit is in stage 3 or 4. If the organizational

unit has accepted the data/information resource concept and
responsibility for processing is appropriately dispersed, then
the unit is in stage 5 or 6 (15:121).

The data processing planning and control criteria
differentiates between stages 1 through 3 and 4 through 6.
If internal planning and control is focused on the computer
with ". . . standards for programming, responsibility account-
ing, and project management [15:121]," then the unit is in
one of the first three stages of growth. If the unit's

external planning and control is focused on data/information

resource management with ". . . value-added user chargeback,
a steering committee, and data administration (15:121]." then
the unit is in the last three stages.

The final criteria, user awareness, is more definitive
than planning and control. 1If the user restricts his knowledge
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and use of automated systems to replace existing manual
processes, then the unit is in stage 1 or 2. 1If the users
within the unit are responsible for data entry, use, and
quality, then the unit is in stage 3 or 4. If the unit ena
users and the data/information processing organization are
jointly responsible fnr the data/information entry, quality,
and applications, then the unit has entered stages 5 and 6
(15:121).

All four of these criteria were combined for each
unit before assigning the unit to a given overall stage. Any
one of the criteria might overlap several stages. Therefcre,

the most complete assessment considered all four criteria.

Stage Determination Process

The data collected determined the degree to which
the Air Staff and each of its units met the criteria for
stage determination. When compared against the criteria, the
data collected for expenditure ratios and level of technology
gave the results for the first level of analysis. This data
determined the growth stage of the Air Staff as a whole.

All four second level criteria specified the stage of
growth for the separate Air Staff units. Each criteria had
equal weight in stage determination. Since the data collected
for the second level of analysis is ordinal data, when a unit

falls into a certain stage it must not be compared to other

units in that stage of growth (23:38-40). 1In other words,

once an Air Staff unit is designated in a stage of growth for
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a specific criteria, that unit is equal to all other units
in that stage due to the nature of the data. Values were
assigned for the stage of each criteria and then divided by
the number of criteria used to determine each unit's overall

stage of growth as depicted in Table 1IV.

TABLE IV

Example Evaluation

Stages for a Given Criteria
Applica- DP DP Plan- User Overall
Unit tions Organi- ning § Aware- Unit Growth
Portfolio zation  Control ness Stage
Air
Staff 3.5 1.5 2.0 3.5 2.685
Unit
Notice that when a specific criteria covers more than
one stage, the value associated with that range is the mid-
point of the stages, such as 3.5 for the applicatior., port- H

folio criteria for the example in Table IV. According to
Nolan's model, each second level analysis criteria is con-
sidered equal in weight, allowing for a mean value of the
criteria to be used in determining the overall stage of
growth for each Air Staff organizational unit.

Following the individual unit analysis, a summary
table was made for all Air Staff units. The stage of growth
range for all units provided a basis for determining the type
of organizational design to be used when implementing ASIMS
and will indicate less developed units that need increased
attention. The combination of the first level and second
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level analysis provides an Air Staff-wide profile of its data

processing growth stages.

Organizational Emphasis

Knowledge of the growth stage determines the appropri-
ate organizational design to be used in implementing ASIMS.
The desired organizational design will apply the needed inno-
vation and control to promote the growth of data/information
processing within the Air Staff. The optimum relationship
for each stage was shown in Table II. By combining the re-
sults in the summary table and the guidance in Table I1I, the
ASIMS management can apply the appropriate emphasis in terms
of innovation and control for the individual units. As the
growth of data processing continues, the organizational

emphasis can be adjusted accordingly.
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CHAPTER 4
DATA COLLECTION

The quality of any analysis is a function of the
quality of its data. The data for this research were obtained
from several authoritative sources in the Pentagon. The
organizations which provided data relevant to the Air Staff
were the Air Force Data Services Center (AFDSC), the 1947th
Support Group, and the ASIMS Working Groups. The AFDSC, a
part of the Air Force Communications Command, is responsible
for providing data processing support to the Air Staff and
the OSAF. The 1947th Support Group provides administrative
support to the Air Staff and the OSAF. The two ASIMS
Working Groups are the Advisory Group (AG) and the Informa-
tion Systems Architecture (ISA) Working Group. The AG is
composed of senior personnel who have ". . . a broad knowledge
and understanding of the information system requirements of
the functional office they are representing [7:22]." The ISA
Working Group members develop detailed analysis ". . . needed
to support the functional and staff mission of their respec-
tive organizations [7:22]." Most of the data was obtained
in Air Force budget publications (20; 21; 32; 33; 34; 35; 36,
37, 38; 39; 40) and through interviews (4; 10; 16; 17; 22; 27)
coordinated witﬁ Lt. Col. Arlyn D. Schumaker at the Pentagon
from 14-17 June 1982.
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Data for First Level of Analysis

The first level of analysis requires budget and level
of technology data. The Air Staff data processing budget
(Table V) and total Air Staff budget (Table VI) data were

provided by Gilbert (10) and Payne (16), respectively.

TABLE V
Air Staff Data Processing Budget
(10)
Fiscal Year Budget ($§ in thousands)
1977 16,043
1978 23,628
1979 19,951
1980 21,658
1981 29,609
1982* 35,888
1983* 46,753
* Estimates
TABLE VI
Total Air Staff Budget
(16)
Fiscal Year Budget ($§ in thousands)
1977 128,751
1978 129,161
1979 115,890
1980 123,557
1981 149,471
1982* 168,205
1983* 181,799
* Estimates
34




Gilbert monitors the Air Staff data processing budget and

he compiled the data by using the President's Budget: ADP

Cost Summary and Justification of Estimates budget documents.

Excerpts of these budget documents are presented in Appendices
B and C. Payne compiled all elements for the entire Air Staff
budget using procurement, operations and maintenance, and
personnel budgets (16). |

The level of technology data (Figure 7) was collected
during three interviews. The interviews were conducted with
the ASIMS Interview Guide/Questionnaire (Appendix A).
Question 1 was uced to determine the level of technology
benchmark. The question asked each respondent to ma ch the
Air Staff level of technology with one of Nolan's six stage
descriptions. Mr. Petroski (17) and Lt. Col. Tufts (27)
stated the Air Staff most closely matched stage 4. Lt. Col.
Caswell (4) stated the Air Staff represented stage 4 moving
to stage 5. Mr. Petroski is responsiblé for managing the
AFDSC computer systems. Lt. Col, Tufts manages the applica-
tions programs for the Air Staff budget and financial systems.
Lt. Col. Caswell is responsible for all other Air Staff

applications programs. The four remaining questions relate

F-SE (-]

1 2 3

@ - Mr. Petroski (17)
# - Lt, Col. Tufts (27)
* - Lt. Col. Caswell (4)

Fig 7. Air Staff Level of Technology
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to the four growth processes in Nolan's second level of

analysis.

Data for the Second Level of Analysis

The ASIMS Advisory Group and ISA Working Group responses
to Questions 2 through 5 are summarized in Table VII. Ques-
tions 2, 3, and 5 asked each respondent to match their organi-
zational unit's application portfolio, data processing organi-
zation, and user awareness with one of Nolan's three respective
descriptions from Figure 6. Question 4 asked each respondent
to match their organizational unit's data processing planning
and control with one of Nolan's two descriptions from Figure
6. The wording of the responses conforms to Nolan's descrip-
tions to avoid undue bias. Consequently, each response will
be an average of two or three stages. Therefore, an "A"
response to Questions 2, 3, and 5 will be the average of
stages 1 and 2, or 1.5. Likewise a '"B" response is 3.5, and
a "C" response is 5.5. Question 4 responses of '"A'" and "B"
translate to 2 and 5, respectively. The loss of precision by

using the average is not the only data limitation.

Data Limitations

The budget data for the first level of analysis was
limited to seven years. Prior budget data was located in the
Air Force Archives, and not accessible within the time con-
straints of the research project. The older the data source,
the more difficult it was for the budget specialists to insure
the data was composed of common inputs due to changing
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TABLE VII ;

Air Staff Interview/Questionnaire Responses i

— !

Respondent Unit > Ques§1on Numbir 3 i

1 ACM A B B B |

2 ACM A B B B 1

3 DA C C B C ;
4 DA C C B C
5 HC A A A B
6 HC A A A B

7 IG NO DP Stage 1

8 IN B A A C
9 IN A B A A
10 JA A B B C
11 LE C C B C
12 LE A - - B
13 MP C C A B

14 MP B B A C ¢
15 NB A - - A
16 PR B C A B
17 PR B A A C
18 RD A B A A
19 RE C B A B
20 SA A C A B
21 SA A C A B
22 X0 B B A B
23 X0 B B A B
24 NGB B A A B
25 NGB B B A A
26 1947 B C A C
27 AFDSC B B A A
28 AFDSC B B A C
29 OSAF B - - C

accounting policies and new administrations (10:16).

The validity of the second level of analysis is depend-
ent upon the level of experience and knowledge of the respond-
ents. The Comptroller of the Air Force (AC) respondents
based their comments upon the Cost and Management Analysis
Division (ACM) only. Consequently, the researchers were un-
able to get responses from two heavy data processing users,
the Computer Resources and Budget Divisions in AC. Most
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organizations have two representatives who responded independ-
ently. However, some organizations may have only one repre-

sentative in the ASIMS group or only one who responded

independently.
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CHAPTER 5

DATA ANALYSIS

This chapter analyzes the data collected during the
research visit to the Pentagon. The first level of analysis
is presented and followed by the second level analysis. The
results of both analyses, with respect to Nolan's growth
theory, provides the guidelines for determining the organiza-

tional emphasis to be employed at the Air Staff, which is the

final element of this chapter.

First Level of Analysis

The first level of analysis is comprised of the expen-

diture and technology benchmarks (criteria) as described in
Figure 5. The expenditure ratio benchmark is calculated from
the ratio of the budget data in Tables V and VI for the seven
years of data available. The ratios and the change from year
to year are reflected in Table VIII.

Another representation of the expenditure ratio is
depicted in Figure 8, which symbolizes the S-shaped curve
discussed in Chapter 2. Assuming a constant rate of inflation
for both the data processing budget and the total Air Staff
budget, the resulting change in the ratios from year to year
represents the real growth in the data processing budget.

The expenditure ratio graph shows a rise in the data processing

39




TABLE VIII

Air Staff Expenditure Ratios

FY Ratio Year-to-Year Change
1977 1246
1978 .1829 +.0583
1979 1722 -.0107
1980 1753 +.0031
1981 .1981 +.0228
1982* .2134 *+.0153
1983* .2572 +.0438
Estimates
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expenditures relative to the total Air Staff budget. The in-
crease in the data processing budget relative to the overall
budget indicates that the Air Staff is in stage 2 or stage 4
for the expenditure ratio benchmark of Nolan's growth theory, ]
The second criteria or benchmark in the first level of
analysis is the determination of the existing technology with-
in the Air Staff and the OSAF where ASIMS will be introduced.
A similar response was received from the three computer mana- :
gers interviewed at the Air Staff. As shown in Figure 7, the

experts agree that the existing equipment usage is best re-

flected by that found in stage 4, Nolan describes stage 4

technology as:

- 50 percent batch and remote job entry processing

40 percent data base and data communications
processing

5 percent personal computing

- 5 percent minicomputer and microcomputer processing

Combining the results from the two criteria in the
first level of analysis, the Nolan data processing stage of
growth that currently best represcnts the Air Staff and the
OSAF is stage 4, Integration. The Integration stage is
characterized by a shift in emphasis from managing the com-
puter to managing data resources. Data base technology is
introduced and existing applications are modified to utilize

this new technology. Stage 4 best describes the Air Staff as

a whole at this time, and determines the organizational

emphasis to apply in terms of control and innovation.
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TABLE IX 1
Second Level of Analysis Evaluation Summary
Applica- DP DP Plan- User Overall
Unit tions Organi- ning § Aware- Unit Growth _
Portfolio zation Control ness Stage 1
ACM 1.5 3.5 5 3.5
ACM 1.5 3.5 5 3.5 3.375
DA 5.5 5.5 5 5.5
DA 5.5 5.5 5 5.5 5.375
HC 1.5 1.5 2 1.5
HC 1.5 1.5 2 1.5 1.625
1G 1.0 1.0 1 1.0 1.000
IN 3.5 1.5 2 5.5
IN 1.5 3.5 2 1.5 2.625
JA 1.5 3.5 5 5.5 3.875
LE 5.5 5.5 5 5.5
LE 1.5 - - 3.5 3.927
MP 5.5 5.5 2 3.5
MP 3.5 3.5 2 5.5 3.875
\NB 1.5 - - 1.5 1.500
PR 3.5 5.5 2 3.5
PR 3.5 1.5 2 5.5 3.375
RD 1.5 3.5 2 1.5 2.125
RE 5.5 3.5 2 3.5 3.625
SA 1.5 5.5 2 3.5
SA 1.5 5.5 2 3.5 3.125
X0 3.5 3.5 2 3.5
X0 3.5 3.5 2 3.5 3.125
NGB 3.5 1.5 2 3.5
NGB 3.5 3.5 2 1.5 2.625
1947th 3.5 5.5 2 5.5 4.125
AFDSC 3.5 3.5 2 1.5
AFDSC 3.5 3.5 2 5.5 3.125
SAF 3.5 - - 5.5 4.500

Second Level of Analysis

The second level of analysis is based upon the responses
(listed in Table VII) to Questions 2 through S of the ASIMS
interview guide/questionnaire. As described in Chapter 3, the
responses for a given directorate or division are averaged to
provide an overall growth stage. Table IX lists the numerical

values assigned to each response for the Advisory Group and
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the ISA Working Group members interviewed. A summary chart
(Figure 9) depicts the overall growth stage for each of the

18 Air Staff units studied in the second level of analysis.

A wide range of growth stages is depicted in Figure 9, reflect-
ing the varied degrees of data processing evolution at the

Air Staff. A summary chart reveals that one-half of the
individual directorates or divisions fall between stage 3 and
stage 4. This grouping of units further supports the results

of the first level of analysis.

LE
Air DSC RE
Staff NGB X3 PR MP
Units IG NB HC RD 'IN SA ACM JA 1947 SAF DA
I 3 3 g 5 6

Growth Stages

Fig 9. Second Level Analysis: Unit
Overall Growth Stage

Organizational Emphasis

Management techniques applied in organizations play an
important role in the amount of learning and growth that takes
place. Management should provide an environment in which the
appropriate changes can take place for the organization to
progress from stage to stage. As discussed in Chapter 2,
Nolan referred to the two environments of organizational
emphasis that guide an organization in its growth. The two
environmental factors, innovation and control, must be deli-
cately balanced to allow for evolution through the stages of
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data processing.

The results from the first level of analysis, coupled
with the guidance in Table II, indicate the appropriate inno-
vation and control for the Air Staff at present. By being in
stage 4, the Air Staff should emphasize high innovation and
low control. The objective of this organizational emphasis
is to remove management control on the use of data and allow
users to be innovative. This approach will facilitate the
user's knowledge and use of data base systems.

The overall Air Staff organizational emphasis of high
innovation and low control may not be applicable to all of
its units. The optimal emphasis must consider the growth
stage of the unit as shown in Figure 9. Units in stages 1,
2, or entering 3, emphasize the use and control of the com-
puter. During stage 3 and continuing through stage 6, units
shift emphasis to managing data rather than concentrating on
management of the computer. The combination of the Organiza-
tional Summary in Table IX with the Optimum Balance of
Organizational Innovation and Control in Table II determines
the Unit Optimal Organizational Emphasis as shown in Table X.
Table X can be a guide for modifying the overall Air Staff
emphasis to fit the growth stage of its individual units.

For units that are in stage 3, innovation and control
apply to both the computer and data. Stage 3 is the transi-
tion point from managing the computer to managing the data,
and requires unique combinations of innovation and control
as depicted in Table X.
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TABLE X

Unit Optimal Organizational Emphasis

8verall Innovation Control
Unit rowth ; ;
Stage High Low High Low

ACM 3.375 C&D C D
DA 5.375 D D

HC 1.625 C C
IG 1.000 C C
IN 2.625 C C
JA 3.875 C&D C D
LE 3.927 C&D C D
MP 3.875 C&D C D
NB 1.500 C C
PR 3.375 C&D C D
RD ©2.125 C c
RE 3.625 C&D C D
SA 3.125 C&D C D
X0 3.125 C&D C D
NGB 2.625 o C
1947th 4.125 D D
AFDSC 3.125 C&D C D
SAF 4,500 D D

C - Computer D - Data

—_—- - ol e R e i i At 4 | e ot

Stsiiietacseitettitiiidetdiseenatunnsniniituionsiiibenstittm
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CHAPTER 6

CONCLUSIONS, OBSERVATIONS AND RECOMMENDATIONS

The Air Staff is a complex organization with many and
varied data processing functions and information requirements.
An Air Staff Information Management System is being developed
to satisfy the expanding information requirements of the Air
Staff and the OSAF. The results cf this research effort
should provide insight to the existing data processing func-
tion within the Air Staff as a basis for preparing to imple-
ment ASIMS. The Conclusions, Observations and Recommenda-
tions of this project address the three research objectives
and provide insight for the preparation necessary to implement

ASIMS.

Conclusions

Three research objectives were proposed as goals for
accomplishing this study. The first objective was to modify
Nolan's data processing growth model and criteria for a non-
profit military organization. Next, apply the modified theory
to the overall Air Staff and its major divisions to determine
the stage of growth. The third objective was to recommend
the organizational emphasis needed to prepare the Air Staff

for the implementation of ASIMS.
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The following conclusions were based upon the data
analysis. First, Nolan's data processing growth stage model
can be modified for a nonprofit organization. The modifica-
tions are minor and justified by other stage theorists and
authorities on nonprofitorganizations. Next, by applying the
modified criteria, it was determined that the Air Staff is in
stage 4, Integration. Stage 4 indicates the Air Staff has
progressed from managing the computer to managing data re-
sources. The third conclusion of the research is that the
optimal organizational design for the Air Staff is high inno-
vation and low control. High innovation is accomplished by
encouraging many new applications programs and committing more
computer resources than are absolutely required. Low control
is achieved by relaxing controls on data processing applica-
tions, while deemphasizing effectiveness and efficiency.
Caution should be taken because the overall emphasis may need
to be modified for each unit within the organization. Since
the Air Staff is composed of units in stages of growth from
1l to 6, each unit will require a particular combination of

innovation and control.

Observations

Several observations were made during the research that
will impact the implementation of ASIMS, Many of the per-
sonnel interviewed stated that security was a major obstacle
to automated data processing growth (4; 20; 27). The lack of

adequate secure hardware prevented the automation of routine
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classified tasks throughout the Air Staff. The proper secur-
ity is essential for Air Staff operations, but the slow
development of this technology and its incorporation into
ASIMS could adversely impact the cost and/or schedule of ASIMS.

Those interviewed also indicated that only a small por-
tion of the potential data processing applications were being
used. In other words, the Air Staff has automated some com-
plex applications, but could automate many more functions.
Some respondents indicated only 10 to 15 percent of the pos-
sible applications are automated (20; 27). Consequently, the
users of automated processing foresee a need for many more
applications. The recommended organizational design encour-
ages developing many more applications. Therefore, ASIMS
must anticipate a significantly larger number of users and
applications than currently exist.

The final observation was made while collecting the
second level of analysis data. Several Air Staff members
interpreted the data gathering questions differently than
anticipated. The question content was clarified during the
interviews so that answers were based on like interpretations.
The unanticipated ambiguity in the data collection instrument

is a potential area of concern for future researchers.

Recommendations

The overall goal of ASIMS is to provide timely, accu-

rate, and consistent information for Air Staff and Office of

the Secretary of the Air Force problem-solving and decision-
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making (7:11). To gain efficiencies and economies in informa-

tion processing, the Air Staff must promote the evolution of

data processing. Nolan offers a six-stage theory that depicts

the evolution of data processing and provides guidance for

remaining on the growth path. Nolan's model successfully por-

trays various profit organizations, which with minor modifica-

tions is applied to the Air Staff. The analysis concluded

the overall Air Staff is in stage 4 and revealed a wide

spectrum of existing data processing growth at the Air Staff.

To attain the goals of ASIMS, every effort should be made to

advance the deficient units so when ASIMS is implemented all

units can take full advantage of the system's capabilities.

The recommended unit emphasis displayed in Table X provides

the best guide for the Air Staff at the present time.

Besides the above general recommendations, the follow-

ing specific suggestions will prepare the Air Staff for the

implementation of ASIMS:

1.

The Air Staff conduct an annual review of its data
processing growth using Nolan's modified model.
Revise the interview guide/questionnaire to reflect
the data processing terminology used within the

Air Staff to remove ambiguity.

The ASIMS Executive Committee review the yearly
analysis and specify appropriate guidance in terms
of organizational and unit innovation and control.
Develop a functional model of the Air Staff.
Functional modeling defines the tasks and
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. e

relationships of the Air Staff members and the
Air Staff units.

5. The ISA Working Group continue making a detailed
information flow analysis and then develop an
information model from the findings.

6. Use the functional model and information model to

design and implement ASIMS.

The research accomplished in this thesis, combined

with future efforts, will help the Air Staff Information
Management System to provide timely, accurate, and consistent

information for Air Force problem-solving and decision-making.
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APPENDIX A
ASIMS INTERVIEW GUIDE/QUESTIONNAIRE

|
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DEPARTMENT OF THE AIR FORCE
AIR FORCE INSTITUTE OF TECHNOLOGY (ATC)
WRIGHT-PATTERSON AIR FORCE BASE. ON 48433

1 9 MAY 1082

amos LS (Major Ronald H. Rasch, AUTOVON 785-4549/Commercial (513) 255-4549)

saxct  Air Staff Information Management System

o HQ USAP/CVAD(S) (Lt Col Arlyn Schumaker)

1. The Air Force lasticute of Technology (AFIT) is currently involved with
the Air Staff concerning the implementation of effective information systems.
In response to a request from the Office of Information Resource Management,
AFIT has agreed to conduct relevant research regarding the Air Staff Informa-
tion Management Syscem (ASIMS).

2. Two master's degree candidates in the Systems Management Program at AFIT
(Captains Larry G. Radov and Stanley A. Sneegas) are conducting thesis
research under the guidance of the AFIT graduate faculty (Major Ronald H.
Rasch). They have defined a research objective which will determine the cur-
rent state of data processing growth within the Air Staff. Based on this
objective, they will be able to provide recommendations regarding current and
future actions concerning the management of ASIMS.

3. To achieve the stated objective, Captains Radov and Sneegas require
information concerning the relacionship between the data/information pro-
cessing budget and total Air Staff budget for the past 15 years. They also
require your expertise with regard to determining the present level of com~
puter processiang technology at the Air Staff, as indicated in Question 1 of
the attached questionnaire. Further, they request that each member of the

. Information Systems Architecture (ISA) Working Group provide information
regarding present level of computer processing technology, types of data
processing applications, organization, planning and control, and user aware-
ness within their respective organization. These areas are addressed in
Questions 1 through 5 of the attached questioanaire.

- 4. Captains Radov and Sneegas will be at the Pentagon from 14-~16 June to
discuss the above subjects with members of the ISA Working Group. Your
cooperation in this important research project is esgential to its completion
and your regponses will be held confidential. Your views are essential to

1 Atch
A Questionnaire
School of Systems and Logistics

AR FORCE—A GREAT WAY OF LIFE




1)

2)

ASIMS INTERVIEW GUIDE/QUESTIONNAIRE

Select the state of technology in data/information pro-
cessing that most closely corresponds to the current
situation in your organization or the Air Staff/OSAF as
applicable.

A. 100% batch processing.

B. 80% batch processing and
20% remote job entry processing.

C. 70% batch processing,
15% data base processing,
10% inquiry processing, and
5% time-sharing processing.

D. S0% batch and remote job entry processing,
40% data base and data communications processing,
5% personal computing, and
5% minicomputer and microcomputer processing.

E. 20% batch and remote job entry processing,
60% data base and data communications processing,
5% personal computing, and
15% minicomputer and microcomputer processing.

F. 10% batch and remote job entry processing,
60% data base and data communications processing,
5% personal computing, and
25% minicomputer and microcomputer processing.

G. Other, please explain:

Select the types of data processing applications/systems
that most closely represent your organization at the
present time.

A. There is a concentration on labor intensive automation,
scientific support, and clerical replacement,

B. Data processing applications/systems are beginning to
move out to user locations for data generation and
data use.

C. Balance is established between centralized shared
data/common systems applications and decentralized
user-controlled applications.
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3)

4)

5)

6)

2

Fr

Concerning the data/information processing organization
in your unit, which response is most accurate.

A. Data processing is centralized and operates as a
closed shop.

B. The data processing organization is the data custodian.

Computer utility is established and relijable.

C. There is an organizational implementation of the data/
information resource management concept.

Your organization's data processing planning and control
is best represented by:

A. Internal planning and control is installed to manage
the computer. Included are standards for programming,
responsibility accounting, and project management.

B. External planning and control is installed to manage
data resources. Included are value-added user
chargeback, a steering committee, and - data
administration.

The user awareness of data processing systems in your
organization is most accurately described by:

A. Reactive: The end user is superficially involved.
The computer provides more, better, and faster
information than manual techniques.

B. Driving Force: The end user is directly involved with
data entry and data use. The end user is accountable
for data quality and for value-added end use.

C. Participatory: The end user and data processing are

jointly accountable for data quality and for effective
design of value-added applications.

Please provide any additional comments you have on the
above questions and responses.
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APPENDIX B
AIR STAFF DATA PROCESSING BUDGET
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APPENDIX C
TOTAL AIR STAFF BUDGET
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The total Air Staff budget data includes all of the

data in Appendix B. The remaining data comes from:

1. Appropriations 3400 (O&M) and 3080 (Base Procure-
ment) for FY 77 through FY 81 actual was based on the
30 September certified obligation position.

2. The FY 82 and FY 83 O&M budget estimate was
developed using the FY 83 Financial Plan submitted
by the Air Staff on 19 May 1982.

3. Appropriation 3500 Military Personnel cost was
developed on the basis of approved authorization

for the Management Headquarters. Approved military

personnel standard rates were used.
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APPENDIX D

INTERVIEW/QUESTIONNAIRE RESULTS
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Interview/Questionnaire Results

Question Number

2 3 4

i)

Respondent

Caswell
Petroski
Tufts

oo

B O0Oww
3 2 0w

NO DATA PROCESSING
A

WO OOW@WERO 1O OOPW >
VPRl ) DWW

z
(> ]
PWHOORWE>APWEPIORPOQ>»EE >0 0O R

OOPOPTRITWEPOPEPOAOREAOORNO O Oww

72




APPENDIX E
AIR STAFF ORGANIZATION CHART

73




-
- -~
\
4
g
K
b
M
g 4
i W
W
]
a1 0x ay 91 d4d aw ov .
S R | R
[
UILY6T .
r‘ i
» EEY AR N :
; §
m va ¥s NI  €oN e 40 vr oH o5 N OmHD a
: JFTHO ]
T R N R R w
. P
“L
9
AVS0

i
LIVYHD TUNOILVZINVOUO JAVILS UIV




SELECTED BIBLIOGRAPHY




10.

11.

A. REFERENCES CITED

Air Force Ad Hoc Planning Group. "Information Resources
Management.'" Unpublished report, unnumbered,
Headquarters Air Force, Washington, 20 November 1980.

Albanese, Robert. Managing: Toward Accountability for
Performance. 3d ed. %omewood IL: Richard D.
Irwin, Inc., 1981.

Anthony, Robert N., and Regina E. Herzlinger. Management
Control in Nonprofit Organizations. Rev. ed
Homewood IL: Richard D. Irwin, Inc., 1980.

Caswell, Lieutenant Colonel William M., USAF. Deputy
Director of Air Staff Systems, AFDSC/GL, The
Pentagon, Washington. Personal interview. 14 June
1982.

Cushing, Barry E. Accounting Information Systems and
Business Organizations. 3d ed. Reading MA:
Addison-Wes%ey Publishing Company, 1982.

Cyert, R.M., and James G. March, 'Organizational
Factors in the Theory of Oligopoly," Quarterly
Journal of Economics, February 1956, pp. 53-55.

Driessnack, Lieutenant General Hans H., USAF. Assistant
Vice Chief of Staff. Memorandum for Establishment
of The Air Staff Information Management System

Project Management Organization, The Pentagon,
Washington. 29 October 1981.

Galbrath, Jay. Designing Complex Organizations. Reading
MA: Addison-Wesley %uEllsﬁlng Company, 1973.
Gibson, Cyrus F., and Richard L. Nolan. '"'Managing the

Four Stages of EDP Growth,'" Harvard Business Review,
January-February 1974, pp. 76-88,

Gilbert, Albert J. Data Automation Specialist, AF/ACDR,
The Pentagon, Washington. Personal interview.
15 June 1982.

Head, Robert V. 'Federal IRM: Seeking a Path Through
the Paperwork Jungle,"Infosystems, April 1981,
pp. 54-60.




12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Hussain, Donna, and K.M. Hussain. Information Systems
for Management. Homewood IL: Richard D. Irwin,
Inc., 1981.

Landau, Robert M. Information Resources Management.
New York: American Management Association, 1980

Nolan, Richard L. "Establishing Management Objectives,"
Data Base, Summer-Fall 1981, pp. 9-19.

. '"Managing the Crises in Data Processing,"
Harvard Business Review, March-April 1979, pp. 115-
126.

Payne, Keith R., Chief, Budget and Programs, 1947 AS/
FMCB, The Pentagon, Washington. Personal interview.
17 June 1982.

Petroski, Frank. Directorate of Computer Systems
Management, AFDSC/CMC, The Pentagon, Washington.
Telephone interview. 23 June 1982.

Rasch, Major Ronald H., USAF. Assistant Professor of
Accounting, Department of Organizational Behavior,
AFIT/LS, Wright-Patterson AFB OH. Personal inter-
views conducted intermittently from 10 November
1981 to 20 August 1982.

Schoderbek, Charles G., Peter P. Schoderbek, and
Asterios G. Kefalas. Management Systems Conceptual
Considerations. Dallas: Business Publications,
Inc., 1980.

Schumaker, Lieutenant Colonel Arlyn D., USAF. Deputy
Director ASIMS Program Office. Air Staff Informa-
tion Management System Briefing. The Pentagon,
Washington, 29 October 1981.

. Charter for the Air Staff Information Manage-
ment System(ASIMS) Project Management Office. The
Pentagon, Washington, 29 October 1981.

. Personal interviews conducted intermittently
from 7 November 1981 to 7 July 1982.

Stone, Eugene F. Research Methods in Organizational
Behavior. Santa Monica CA: Goodyear Publishing

Company, Inc., 1978.

Strassman, Paul A. "Stages of Growth,'" Datamation,
October 1976, pp. 46-50.

77

Jif'




25.
26.

27.

28.

29.

30.

31.

32.
33.
34.
35.
36.

37.

Synnott, William R., and William H. Gruber. Information

Resource Management. New York: John Wiley § Sons,
Inc., 1981.

Taliaferro, Richard J. "Economic Analysis and Public
Policy." Unpublished technical report, LS-4-81,
AU-AFIT, Wright-Patterson AFB OH, September 1981,

Tufts, Lieutenant Colonel Robert J., USAF. Director of
Air Staff Programs and Financial Systems, AFDSC/GK,
The Pentagon, Washington. Personal interview.

14 June 1982,

U.S. Commission on Federal Paperwork. Final Summary
Regort. Washington: Government Printing Office,
ctober 1977.

. Information Resources Management. Washing-
ton: Government Printing Office, 9 September 1977.

. The Federal Information Locator System.
Washington: Government Printing Office, 15 July
1977.

U.S. Department of the Air Force. Justification of
Estimates for Fiscal Year 1979, Volume IT.
Washington: Government Printing Otfice, February
1978.

. Justification of Estimates for Fiscal Year
1980, Volume II. Washington: Government Printing
Otfice, February 1979.

. Justification of Estimates for Fiscal Year
1981, Volume II. Washington: Government Printing
Otftice, January 1980.

. Justification of Estimates for Fiscal Year
1982, Volume 11. Washington: Government Print. -g
Otffice, January 1981.

Justification of Estimates for Fiscal Year
1983, Volume II. Washington: Government Printing
Office, February 1982,

. President's Budget ADP Total Cost Summary,
FY 1979.” Washington: Air Force Data Services
Center, 6 January 1978,

. President's Budget ADP Total Cost Summary,
FY 1980. Washington: ir Force Data Services
Center, 16 January 1979,

78




38.

39.

40.

41.

42,

43,

. President's Budggt ADP Total Cost Summary,
FY 1981. Washington: Ailr Force Data Services
Center, 14 March 1980.

President's Budget ADP Total Cost Summary,
FY 1982.” Washington: Air Force Data Services
Center, 2 February 1981.

. President's Budget ADP Total Cost Summary,
FY 1983.” Washington: Air Force Data Services
Center, 31 January 1982,

U.S. Department of Defense. Department of the Air Force
Directory. Washington: Government Printing Office,
1 Septemger 1981.

Withington, Frederic G. '"Five Generations of Computers,"
Harvard Business Review, July-August 1974, pp. 99-108.

Young, Arthur, and Company. The Design of an Informa-
tion Management Program for Headquarters, Department
of the Army, Phase 2 Detailed Report. Washington:
Arthur Young and Company, 26 February 1980,

79




